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Jution melhud. Four isofc^re^^^ determined in vitro by the broth mJcrodi- 

reststanl to FCZ and sStibE to mV?JS??J? U h ™ """P^M" *° ^ ^oles, and three were 
and treated with eUher fS i^ZSf CD1 t mJce wre ^oculated with each isolate 

culture or kidneys ™r* W of ^ ™ ce daily for 5 o>«). Quantitative 

mice were followed dT£t carSm^™^ ^T 1 * °, n * e °^ er hand ' the aurvlval rates * ^ 
Phenomenon of a dissXa^ ^ * , vJtro ™"P™* 1** the 

UI rewsiance 10 and ITZ may be found In vivo as well as fa vitro. 



M ?/f c P 5 aryn ??u candid ^ sis < op Q caused by Gw<ttfc 4U- 
can* * one of the most frequent opportunistic infections oc- 
curnng in human immunodeficiency virus type 1 (HIV-lWn- 
fected patients (4, 7); most of these patients (probably >90%) 
present with candidiasis during the last stageof HIV-l infec- 
tion (6 . Among the azole drugs, fluconazole (FCZ) and itr* 
conazole (ITZ) exhibit satisfactory safety and efficacy. How- 
ever, the emergence of clinical resistance during long-term 
therapy has recently been reported (3, 4. 7, 13). Studies have 
assessed the importance of in vivo antifungal susceptibility 
testing in order to discriminate microbiological resistance from 
rjpsi factors that could interfere with failure of the antifungal 
therapy (S, 15). In order to analyze the FCZ4TZ cross-resis- 
StV? , ^ . albicans isolates, we have selected isolates from 
HIV-l-positive patients with recurrent OPC, despite the ad- 
mimstnuion of large doses of FCZ or ITZ. In vitro antifungal 
susceptibility testing was performed by a broth microdilution 
method. The isolates exhibited various susceptibilities to the 
two azolcs, with, in .some cases, dissociated resistance to FCZ 
and ITZ. They were then tested in a hematogenous model of 
candidiasis in mice in order to analyse these differential resis- 
tances to FCZ and ITZ in vivo. 

MATERIALS AND METHODS 
C. o/Uftw Isolate*. Seven clinical C albicans isolates obtained Irons H1V-1- 

«nHML? atJ *L fl ? ^ r " Uf re nt ° r>C M,cct * d 'he clinical course of 

randldlatw while the patents were under treatment with an ftzo^ cither FCZ or 
ITZ. Tlie weaimcni and Clinical observations an the nampiinc duys and 10 day* 
kter arc summarized in Tihb 1. Three folates ware obtained frOra three d£ 
ferem patient* .with difference fa trjc ir OPC symptoms: isolate B (from * patient 
prewntlnj with OPC on the wmipliiifl day and cured with FCZ %i 100 mg/day), 
Isolde C (from » partem presenting with OPC under therapy with FC2 at 600 
mg/dsy and cured with ITZ n 2liu rrayday), and isolate D) from a patient 
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prc^ndng with OPC uoder therapy with FCZ at 200 mg/day and cured wjch 
intravenous amphotericin fi deoXycholate at 50 mc/day), Two pairs of (solateii 
(isolatei Al and A2 4Utd isolates Bl and E2) were obtained from two pairs of 
patients. It was demon«rated elsewhere^ by Utirtg muttilocua enzynte electio- 
phorests of 1 2 genctfe loci, that each pair of isolates was genetically identical 
(13). Two strains, referred to as Rr (in vivo and lit vitro azoic-resistant strain 
obtained from J. Van Cutssrn arid referred to aa NCPF 3363 [16]) aad Sr 
(azoic-susceptible strain ATCC 44858 [10]}, were uaed as resit tan I and suscep- 
tible controls, respectively. 

Antifungal susceptibility letting. The susceptibility of the isolates to FCZ 
and rfZ were determined by & broth mterudflution method derived from the 
technique of Anaiaste et al. f2), RPMI medium (Sigma Chcmkal Co., $u Louis, 
Mo.) with L-glutaminc and without NaHCO s was UKCd Hie powder w*t dis- 
solved in 1 liter of dcionlzed water* and medium was buffered with morphea 
lirtepropaMsuifonic acid (MOPS; 34.53 g/liter. Sigma). The medium was ad- 
justed to a final pH of 7 J, fllt*r iterUiwd. and «ored « 4"C. Stock wrfuiions Of 
FCZ (Pfizer Central Research^ Sandwich, United Kingdom) and ITZ (Janssen 
Pharmaceutica, Bcerse, Belgium) were prepared from raagent-grude powdefsby 
using deiontzed water 01 & solvent for FCZ and 100% dimethyl sulfoxide 
(DMSO; Sigma) as a solvent for TTZ; initial stock concentrations were 1 mj/mL 
Drugs wert diluted 10-fold b RPMI medium to provide a wO/king soluUon f« 
each drug of 100 u^ml; a second working aoJuu"on of ITZ (3.12 H*Vml) was also 
prepared Broth microdilution susceptibairy t«t£rtg in 96-well mtcrotitcr trays 
was then performed as follows, Microu'ter plates were inoculated with 150 uJ of 
APMr medium. Ten twofold serial dilutions ware made: the concentrations 
r*nged from 50 to 0.097 u,g/ml for FCZ and from 50 to 0.097 and 1 M to 0,003 
K*rtmJ for ITZ. Microliter plates were Inoculated with 10 of a veast inoculum 
of 5 X 10* CFU/mL Twenty microliters of 2% formaldehyde solution was dis. 
pensod into column 1 (bUnk control). Drug-free medium in column 12 served as 
a growth control. Plates were Incubated at 28°C for 48 h, Spectrophotometry 
readings were performed with a UV Mas Kinetic Mlcroplate Reader (Molecular 
Devices) at 4v0 nm afier 5 rain of agitation. The MIC ertdpolnt was defined as 
the first drug concentration at which turbidity in the welt was more thai 50% lea 
than that In the growth control well (MTC). All isolates were tested in duplicate 
on e*ch plate, and each experiment was repeated twice. On the other hand, the 
susceptibilities of the iwJates to the antifungal agents were also tailed by yiing 
the M27-P guideline of the National Conunirtee for Clinical UbOratory Stan- 
dards (14), 

Animals and In vivo nperimttitiiifen, Female CD I mice (Claries Rivera, 
Cldon, FraiKc) were used; they were 6 to 8 weeks old and weighed 30 g (aver- 
age). Two days before inoculation, the C attica/u isolates were pi tiled onto 
Sabauraud-chtoramphcnkol agar (Snnofi Diagnostic Pasteur, Marncs-La-Co- 
quctte, France), and the plate* were incubated at 2B*C The yeasts were then 
stcrilely collected from the agar, numbered, and adjusted to 5 X id 7 blwospores 
per ml In sterile normal aaHne. The yeast inoculum <2D0 fit of sterile normal 
saline containing 10 7 blutwpores) was injected Into the lateral fall vein of the 
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O. ITl Dt 5 nig/kg twice d»jlj for 5 <ia yfi . ^ ' ^ 5 CZ * ^"^^ IwIatc * * n * «»tmenfr, □, FCZ al 5 mf/kg twice differ 5 days; 



tion, depending on the isolate lested. Such differences in the 
pathogenicities (measured as the beginning of mouse deaths in 
the control groups of mice) of the isolates have already been 
described (11). Recently reported studies conducted with mu- 
tants of the same strains showed that resistant mutants had 
lower pathogenicities (5, 9); in our study, it appeared that the 
survival time* of mice inoculated with susceptible isolates are 
shorter than those of mice inoculated with resistant isolates 
(Fig. 2; survfvui time of isolate B, =»S days; survival time of 
isolate D, £13 days). Despite these differences, the treatment 
effects clearly appeared for susceptible fungi; the survival rates 
for mice inoculated with strain Sr and isolate B were 7 of 10 
and 5 of 10 mice treated with ITZ and FCZ, respectively 
(Fig, 2). For resistant isolates, the treatment had no effect' 
survival rates were 0 of 10, 1 of 10, 2 of 10, and 0 of 10 for mice" 
inoculated with the resistant isolates A3, E2, D, and the Rr 
strain respectively (Fig. 2). For the three dissociated isolates, 
ITZ led to survival rates of 5 of 10 (isolate Al), 5 of 10 (isolate 
C). and 6 of 10 (isolate El), while FCZ was not efficient in 
preventing mouse death compared with the control treatment 
(Fig. 2), 

The present study analyzed the susceptibilities of clinical 
isolates to antifungal agents in a disseminated model of anti- 
fungal activity (]). The drug regimens were dose to those 
described in other experiments (1,10, 19) and were efficient at 
limiting the deaths of mice caused by the susceptible strains but 
not the resistant strains. This result confirmed the validity of 
the mouse model for testing the in vivo susceptibilities of 
clinical isolate despiic differences in the pathogenicities of 



the isolates or at least the number of Surviving mice after 
challenge (Fig. 2) (12). The good survival obtained in vivo after 
treatment with ITZ could be explained by the twice-daily reg- 
imen chosen for this antifungal drug. Several studies have 
assessed the importance of in vivo testing of antifungal agents 
after in vitro testing. In vitro and in vivo correlations have been 
established (17) and, more recently, have been documented for 
FCZ, amphotericin B, and flucytosine (1). Moreover, an in vivo 
dissociation in resistance to FCZ and ITZ was also observed 
among the isolates tested. A dissociation of resistance between 
FCZ and ITZ was reported in vitro (3). Most of the analysis 
concerning this dissociation was performed in vitro, and evi- 
dence of such a dissociation in vivo is reported herein. Tlie 
mouse model confirmed the dissociation of resistance found in 
vitro, even with some isolates that were very similar in terms of 
their genotypes (13). 

Drug resistance has been identified as a major cause of 
treatment failure among patients treated with azoles (20). In 
the present study, we found a link between clinical observa- 
tions and the in vitro susceptibilities of clinical isolates to 
antifungal agents, even when isolates were resistant to only one 
azole. The presence of a dissociation in resistance between 
azoies (namely, FCZ and ITZ), which has already been de- 
scribed in vitro, has also been confirmed in vivo. ThiB disso- 
ciation in resistance for the same isolate could, however, dis- 
appear among isolates from the same patient during the course 
of the antifungal therapy and lead to FCZ-ITZ cross-resis- 
tance. 



Received from < 4804837452 > at 7:20:23 PM [Eastern Standard Time] 



FEB-26-02 05:23 PM 



RICHARD R. MYBECK 



4804837452 



P. 13 



Vol' 40, \996 



TABLE I, Clinical data 



DISSOCIATED RESISTANCE OF C ALBICANS TO AZOLES 



1343 



Isolate 



Treatment B$ 
(drug, dti$ag C 



OPCBS 



A! (IVP J454-15H) 
A2 CIVP 1454.32H) 
B(IVP]7I4) 
C(IVP 163*6) 
D (IVP J680-3) 
El (IVP2045-JIB) 
(FVP 2045-I3D) 



FCZ, 400 
TTZ, 40(1 
0 

l : CZ, 600 
KCZ, 100 
ITZ, 40(> 
TTZ, 600 



Treatment 
(drug, dosage 
fmgfday/f 



OPC AS* 



■ BSi befor* lamnjjng. 
This irc«tmeni wu introduced an the * a maimer d«v 

Ama, intrav^ntnuly administered amp 



ITZ. 200 
AinB/50 
FCZ, 100 
112,200 
AmB.SO 
ITZ,600 
ITZ.600 



tphotericlo B dcaxychaliit*. 



isolated, weight and hom^raued^hMS of B ™? iS^iS** 
f^Tl!?"* wcrc Stored for 4 ^ * 

RESULTS AND DISCUSSION 

i.r» w ° ^ ro P tlbili ^ t0 antifungal agents. The MICs ob- 
tained for the seven clinical isolates and the two reference 

?£T.r re .- pns ? Iirod ,n Table X The b ' eak P<>«" retained for 
the extinction between resistance and susceptibility were those 
described elsewhere (II, 13) (Table 2). TTie isolates were then 
°L ti ^, rCSistant (FCZ and ITZ MfatantX iuscep- 

and ITZ susceptible). The patterns in terras of the clinical 
success or failure of FCZ and ITZ therapy and in vitro sus- 

2SS !t ? °\ res,M f 0 r l Ce J 0 FCZ and IIZ were sfm, " ,ar ' « 
scribed elsewhere (8). Moreover, resistance to FCZ and ITZ 

was dissociated for some isolates (namely, Isolates Al, C, and 

El). Because the treatment for OPC was FCZ and then ITZ 

(except for iKolate D), we probably selected only isolates re- 



TABLE 2. MICs for the C. albicans isolates tested 



holme 



Mic e^ir 



FCZ 



rrz 



Sr 
Rf 
Al 
A2 
B 
C 
D 
El 
El 



aOI2/NT 

>50/>50 0.097/0.78 

u.7«/0,19S 0.012/0.195 
>50/>50 0.097/0,195 
12 ; 5/>50 1.56/0.195 
3Q/>50 0.195/039 
l.WO.78 

* For values to th« right of ihc &Uhh 4 antifungal susceptibility was teued by the 
method of [he National Commitle* for Clinical Lahoratoiy Standard* For value* 
w the fefl orth* slash, antifungal *usceptihl% was tested by (lis broth micrddi- 
\u\ion method. NT, nol teued. ^ «»wooi 




□ Control 



□ FCZ 



■ rrz 




FIG. 1. Development of diasemlriBied candidiasis on the toy foflowina the 
tas! treatment, analyzed M th e flU «bertt of CFU of C a//nra/u per gram of 
Jtidney. R*$vlU are presented u the percentage* of the values obtained from five 
hidneyj sampled on the Cay following the last treatment (control without trwi- 
mem w«$ referred to as 100*). *, significant dUkrettes tp < 0,011 FCZ. 
fluconazole-twated mice; ITZ* Itraconazole-treated mice. 



ststant to FCZ and susceptible to ITZ. The results obtained by 
the micromethod did not differ from those obtained by the 
method of the National Committee for Clinical Laboratory 
Standards, at least for FCZ: for ITZ, slight differences were 
observed, mainly for the JTZrresistant isolates (Table 2). 

In vivo susceptibility to antifungal agents In the mouse 
modeJ. The susceptibilities of the different isolates to azotes 
were tested in a mouse model of disseminated candidiasis. On 
the day following the last treatment day, the development of 
disseminated candidiasis was analyzed by determining the 
numbers of CFU per gram of kidney (Fig. la and b). This 
analysis showed that for the isolates defined to be resistant and 
susceptible In vitro, the doses and regimens for the treatments 
were convenient, since significant differences (greater than 1 
log 10 ) in the numbers of CFU per gram of kidney were ob- 
served between control and treated mice inoculated with the 
susceptible isolates (Fig. la). For isolate C, the results were 
similar to the results obtained in vitro, since treatment with 
ITZ led to lower numbers of CFU per gram of kidney, while 
FCZ treatment resulted in numbers of CFU per gram of kid- 
ney similar to those obtained in control mice (Fig. la). For the 
two pairs of genetically identical isolates which were classified 
as dissociated (isolates Al and El) and resistant (isolates A2 
and E2) after in vitro analysis, the results obtained with the 
mouse model corroborated the in vitro data (Fig. lb). Such a 
result, already observed in vitro, was thus confirmed in vivo; it 
could be explained by the fact that although the isolates were 
very similar from a genetic point of view (as determined by 
multilocus enzyme electrophoresis), the isolates were pheno- 
typically different 

The survival of the mice was monitored for 4 weeks after C 
albicans inoculation (Fig, 2), Death of the mice in the control 
groups began after the 6th to the 9th days following inocuJa- 
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